In an earlier communication1 from these labora tories, equilibrium studies have been reported for the formation of a few 1:1:1 mixed ligand com plexes in Th(IV)-DTPA-hydroxy acid systems (where hydroxy acid = Tiron, CS or PY). In these derivatives, the possibility of ten-fold coordination for the central m etal ion has been indicated. The expanded coordination number of Th(IV) has been proposed2-3 and suggested by several workers4. It was, therefore, considered of interest to carry out equilibrium studies of the metal diethylenetriamine pentaacetate in presence of some hydroxy acids, such as SA, SSA, and HQSA with the view to see the possibility of increased coordination number and determining the stability constants of the resulting biligand complexes. R eq u ests for reprints should be sent to Prof. Dr. J. P . T a n d o n , R eader in Chemistry, U n iv. o f R aja sthan, J a ip u r, India.
Experimental
A stock solution of metal nitrate (BDH AnalaR) was prepared and standardized as described pre viously5. Salicylic acid, 5-sulpho salicylic acid (BDH, AR) and 8-hydroxy quinoline-5-sulphonic acid (prepared and recrystallized several times with doubly distilled water) were used and their purity was checked by potentiometric titrations. Diethy lenetriaminepentaacetic acid (DTPA) was used in the form of its tripotassium salt and HQSA as monopotassium salt due to their low solubility in water. The pH -titrations were carried out at 30 ± 1 °C with a Cambridge pH-meter, which was standardized against 0.05 M potassium hydrogen phthalate solution.
The following potentiometric titrations were carried o u t: 1. 10 ml (0.025 M) hydroxy acid. The ionic strength (fi = 0.1) of all the solutions was kept constant by using potassium nitrate and low concentrations of ligand and the metal ion. Since the normal 1:1 Th(IV)-DTPA system undergoes only hydrolysis6, the hydrolysis constant (pKh) of this reaction a t 30 ± 1 °C has been re ported earlier1.
The dissociation constants of the secondary ligands, SA, SSA and HQSA were taken from the literature7. The equlibrium formation constants (log K m a b ) of the mixed ligand derivatives were calculated by the methods described by T h o m p s o n and L o r a a s 8 .
The solution equilibria in the second buffer region of the titration curves may be defined by the following equations:
where Y5_ represents diethylenetriamine pentaacetate anion, ThY-the normal 1:1 complex, Th(OH)Y2-monohydroxo derivative; and for a mixed system : ThY -+ HA-^ ThYA3-+ H+ where HA-represents the anion of a dibasic acid SA. The hydrogen ion of the carboxylic group of SA was found to be displaced before the occurrence of the second buffer region in the titration curve (curve 5, Fig. 1) .
The equilibrium constant K of the above reaction may be defined a s :
If Tm represents the total concentration of all the metal species, Ta th a t of various ligand species and T o h be the concentration of the alkali added to the solution during the titration, then from the m aterial balance the following equations can be given:
Since T o h represents the total concentration of the alkali added after 1:1 complex formation, equation (4) becomes:
where "m " is the mole of alkali added per mole of the metal ion and
The elimination of [ThYA3-] and [Th(OH)Y2-] between (3) and (5) gives:
Equating equations (3) and (6) we g e t:
[
After calculating the value of [ThY-], the equi librium concentration of Th(OH)Y2~ can be determined from equation (1) and th a t of ThYA3-mixed species from equation (3).
Substituting the equilibrium concentrations of different species in equation (2), the equilibrium constant K can be determined.
For the ternary systems involving HQSA (a dibasic acid) and SSA (a tribasic acid) as the second ary ligand, the similar expressions may be given. In the former case, one hydrogen ion of HQSA has already been neutralized by using its monopotassium salt, while two hydrogen ions are displaced from SSA during the titration before the occurence of the upper buffer region (curve 6, Fig. 1 ). 
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where K is the equilibrium constant defined by equation (2).
Results and Discussion
Curves 1-3 (Fig. 1) represent the potentiometric titrations of SA, SSA and HQSA, respectively. A sharp inflexion a t m = 1 in the case of SA and HQSA corresponds to the neutralization of one proton from each acid. Due to the displacement of two hydrogen ions, a well defined inflexion a t m = 2 is exhibited in the case of SSA.
Reaction m ixture containing 1:1 molar ratio of Th(IV) to tri potassium salt of DTPA gives a steep inflexion a t m = 2 (curve 4) due to the displacement of two hydrogen ions from DTPA indicating the formation of a normal 1:1 diaquo chelate in the lower buffer region. A second buffer region, which corresponds to the hydrolysis of the 1:1 Th(IV)-DTPA chelate is observed at higher pH between m = 2 and m = 3.
Curve 5 (Fig. 1 ) exhibits the titration of 1:1:1 Th(IV)-DTPA-SA system resulting in two in flexions. The first inflexion a t m = 3 indicates the titration of two free hydrogen ions neutralized from 1:1 Th(IV)-DTPA complex and the third one from SA. In the second buffer region between m = 2 and m = 3, the proton of the phenolic group of SA molecule is displaced showing the formation of 1:1:1 mixed derivative.
Curve 6 (Fig. 1) comparison of the formation constants given in Table I indicates th a t the order of stability of the ternary derivatives in term s of the secondary ligand is SA > SSA > HQSA. The presence of sulphonate group in SSA and HQSA molecule decreases their basicity and this results in the lowering of the stabi lity of their ternary complexes. Steric factor may also be responsible for the poor complexing power of HQSA.
